Protein and DNA requirements for the transcription factor IIIA-induced distortion of the 5 S rRNA gene promoter.
Transcription factor-induced DNA distortion has become a common theme in eukaryotic gene regulation. A number of techniques have been applied to the study of transcription factor-induced DNA bending and flexibility including electron microscopy, circular permutation gel analysis, helical phasing gel analysis and cyclisation kinetics in solution. We have applied these techniques in order to assess the role that specific DNA sequences and protein domains of transcription factor IIIA (TFIIIA) play in the TFIIIA-induced distortion of the Xenopus 5 S ribosomal RNA gene promoter. Electron spectroscopic imaging analysis of TFIIIA:DNA complexes indicate that TFIIIA binding involves compaction of the 5 S promoter into a precise three-dimensional hairpin-shaped structure. This compaction can be detected utilising circular permutation gel analysis and the distortion results in an apparent bend angle of 55 to 60 degrees near the centre of the TFIIIA binding site. Helical phasing analysis demonstrates that the 60 degrees bend angle as measured by circular permutation can be detected as a static bend directed towards the minor groove between bases +63 and +64 of the 5 S rRNA gene. The amplitude of the TFIIIA:5 S gene phasing signal is similar to the phasing signal obtained utilising bacterial CAP:DNA complexes with bend angles of approximately 90 degrees. These results are supported by phased ligase-mediated cyclisation kinetics in solution. Analysis of DNA deletion constructs indicate that the 5' A block of the internal 5 S gene promoter, which is required for transcriptional activity, is also required for TFIIIA-induced distortion of the 5 S gene promoter. Analysis of the N-terminal papain fragment of TFIIIA indicates that the 34 kDa zinc finger DNA binding domain is sufficient for compaction of the 5 S gene promoter. These results are discussed in relation to the modular model of TFIIIA:DNA interaction in which individual zinc fingers contribute to the protein-induced distortion of the DNA helix and overall DNA binding affinity in a complex, non-additive fashion.